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Abstract of TW 495568 (B) 

The present invention furnishes the coil filament, the 
fabric made of the coil filament, and its method of 
manufacture. The coil filament is made of conjugate 
multi-filament. And the fabric made of it has the 
unique surface feeling, dry touch, and stretching 
property. This coil filament is the coiled conjugate 
multi-filament made of polyester polymer. It has the 
following characteristics: (1) coil coefficient (CA): 2.5 
peak/cm <= CA <= 10 peak/cm; (2) tested coil 
coefficient (CB): 8 peak/cm <= CB <= 30 peak/cm; 
(3) shinkage force (TS): 0.0882 <= TS(cN/dtex) <= 
0.221; (4) observed shinkage ratio (SC): 40% <= SC 
<= 80%; (5) fiber shinkage ratio in boiling water 
(SW): 2% < SW < 8%. This coil filament can be 
obtained by putting the processed coiled conjugate 
multi-filament through relaxed heat treatment. 
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Coil stretch filament, composited yarn its fabric, and manufacture 
method thereof 

The EPO does not accept any responsibility for the accuracy of data and information originating from other 
authorities than the EPO; in particular, the EPO does not guarantee that they are complete, up-to-date or fit 
for specific purposes. 

Description of corresponding document: EP 0908544 (A1) 



Technical field 



[0001] The present invention relates to a crimp-forming conjugate multifilament yarn comprising at least two 
polyester components with different heat-shrinkable properties, said components being combined in parallel 
with each other or in a core-sheath configuration, and said yarn being able to produce woven/knitted 
products with unique surface texture and stretchability; production methods thereof; and woven/knitted 
products produced from said crimp-forming conjugate multifilament yarn that have, in particular, novel, 
unique surface texture, dry touch, and stretchability as well as excellent puffiness and anti-see-through. 

[0002] The invention also relates to woven/knitted products with lightweight properties, stretchability, and 
high resilience, wherein the multifilament yarn that constitutes said woven/knitted products comprises an 
aggregate of filaments, each having a hollow structure with voids oriented in the yarn's length direction. 

[0003] The invention further relates to a composite yarn with hari (anti-drape stiffness), koshi (moderate 
stiffness), and soft puffiness as well as stretchability, and woven/knitted products produced thereof. 



Background Art 



[0004] With many good properties, polyester fiber has conventionally been one of the most widely used 
synthetic fibers, and in recent years, in particular, efforts in the apparel industry have resulted in the 
development of modified or improved materials with excellent feel, which are generally called "new synthetic 
fibers". These "new synthetic fibers" have been accepted in the market because of their novel excellent 
texture, totally different from other conventional materials, which has been achieved by a polyester fiber 
production method that combines an advanced technique to produce raw thread and a high-level 
processing step to manufacture a woven/knitted product. 

[0005] These "new synthetic fibers" with excellent texture, however, have some problems in terms of costs 
and quality stability because they need a complicated combination of an advanced raw thread production 
technique and a high-level processing step. In particular, several types of raw threads have to be subjected 
to false twisting and filament-combining to achieve the new feature of excellent texture, and furthermore 
union-twisting and union weaving may be carried out to achieve high value added, which leads to very high 
prices. After a series of similar products has been placed on the market, consumers now tend to call for 
products with different texture, resulting in demand for further improvements in terms of appearance and 
functional properties. 

[0006] To solve these problems, a woven/knitted product with surface variations, for example, can be 
produced by twisting and false twisting 

[0007] This method, however, requires large costs and has difficulty in achieving a novel surface texture. In 
addition, the necessity of false twisting makes it impossible to produce a stretchable woven/knitted product. 
Some techniques, including the use of polyurethane-based elastic fiber, are available to impart stretchability 
to a woven/knitted product, but they require large costs and cannot produce products with a novel surface 
texture. 

[0008] There are some known techniques in which knitted products with surface variations are produced by 
using a conjugate yarn consisting of two different polymer components aligned side by side. In some efforts, 
furthermore, such products are false-twisted to achieve stretchability. These techniques, however, require 
many processes that need large costs, and resultant products tend to suffer from a poor hand. 

[0009] Japanese patent publications JP-B51 -37376 and JP-B57-25650 have proposed methods for 
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producing bulky yarn, bulky woven products, and bulky knitted products, in which an extended conjugate 
yarn consisting of polyethylene terephthalate and copolyester is subjected to relaxation-heat treatment 
under very small tension to achieve crimping. Though able to achieve crimping stably, these techniques 
have been found to have difficulty in providing woven/knitted products with surface variations and 
stretchability. 

[0010] When such conventional fabric is produced using a shrinkable straight thread as raw material, the 
resultant product has no surface variations and no stretchability. If said straight thread is subjected to 
addition of twist and used to produce a woven/knitted product, surface variations can be developed by 
heating the product to form wrinkles due to the effect of untwisting torque, but it is still difficult to make it 
stretchable. Though actually having crimps, conventional false-twisted yarn has no ability to develop 
additional crimps over the existing ones. In the case of false-twisted yarn, furthermore, the crimps are too 
fine, and are not aligned in phase. As a result, such fabric can be bulky and less transparent, but cannot 
have sufficient surface variations or stretchability. 

[001 1] The conventionally known technique that uses a conjugate yarn consisting of two polyester polymer 
components with different heat-shrinkable properties combined in parallel with each other or in a core- 
sheath configuration can produce a woven/knitted product in which a certain degree of stretchability 
develops in some structural portions where restraining force is small. However, when the yarn is in the form 
of an aggregate of filaments, the resultant fiber can be shrunk, but will be poor in the ability to develop 
crimps after overcoming the restraining force of the structures in the woven/knitted product. As in the case 
of conventional material produced from a single-component polyester multifilament yarn, said product 
suffers from transparency and poor bulkiness, and does not have surface variations. Thus, the present 
inventors carried out earnest studies to develop a method to produce a woven/knitted product with both 
surface variations and stretchability, and achieved the present invention after finding that a desired 
woven/knitted product can be produced by starting with a material with half-developed crimps, which is 
prepared by providing latent crimps at floated portions around the intersections of warp and weft in a woven 
product or in the loops in a knitted product, followed by allowing the latent crimps to develop into full ones. 

[0012] There is also increased demand for woven/knitted products that are produced from synthetic 
products and have such features as resilience as well as lightweight properties and stretchability which are 
not found in most natural fiber products. A solution to this is proposed in Japanese patent publication JP- 
A5-247757, but it is difficult to produce lightweight products because the filaments in the crimps developed 
by crimping and false twisting of conjugate fiber are not aligned in phase, making it difficult to allow large 
voids to develop. 

[0013] To provide lightweight products, Japanese patent publications JP-A62-85048 and JP-A4-289219 
have proposed the use of hollow fiber. In this technique, the hollow proportion of the hollow fiber is the key 
factor to weight reduction. If the hollow proportion in the hollow fiber is increased, however, the diameter of 
the fiber has also to be increased to allow high-level processing to be performed effectively. For instance, 
false twisting performed to enhance the stretchability can result in squashing of hollow parts, or breakage of 
hollow parts while the clothing product is worn. Thus, it has been widely thought that with the conventional 
techniques, it is difficult to produce products with both stretchability and lightweight properties at reduced 
processing costs. 

[0014] In another existing technique, several different raw threads are used to develop novel effects in 
woven/knitted products, and composite false twisting and composite combined filament processing are 
carried out to develop additional valuable properties. This technique, however, tends to require very large 
electric power costs for false twisting and air processing. 

[0015] Such additional costs required for composite processing can be absorbed in the case of such thick 
fabric products as suits and coats that sell at relatively high prices. In the case of such thin fabric products 
as blouses and shirts that cannot sell at high prices, the additional costs cannot be absorbed, so it is 
important to minimize the processing costs. To develop a woven product with value added, on the other 
hand, it is important to use several different threads as composite yarn to achieve a synergistic effect, and 
development efforts have been made to provide techniques to reduce the costs required for composite 
processing. 

[0016] In another proposed technique that uses a false-twisted composite yarn to enhance its value, a two- 
or multiple-layer structure is formed to contribute to imparting a novel texture as well as stretchability as a 
functional property. Japanese patent publication JP-A5-247757 proposes subjecting a polyester conjugate 
yarn to false twisting and crimping first, followed by a filament-combining process. This technique, however, 
requires large costs for an increased number of processes for false twisting and air filament-combining, and 
resulting products tend to be poor in hand. 
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Disclosure of the invention 



[0017] The present invention is the result of earnest studies that aimed to free ourselves from fixed ideas in 
solving the problems with conventional products and methods. 

[0018] The objective of the invention is to provide a crimped yarn that is produced from a crimp-forming 
conjugate multifilament yarn and that can produce woven/knitted products with unique surface texture, dry 
touch, and stretchability, and to provide woven/knitted products with excellent puffiness and anti-see- 
through as well as novel, unique surface texture, dry touch, and stretchability 

[0019] The invention also aims to provide crimped yarn production methods whereby a raw yarn that can 
impart a novel surface texture and stretchability to said woven/knitted products is produced at reasonable 
costs. 

[0020] The invention also aims to provide woven/knitted products comprising hollow structures, said hollow 
structures consisting of void-like hollow parts produced from aggregates of filaments, rather than consisting 
of so-called hollow fiber in which the fiber itself contains hollow structures, and said woven/knitted products 
having both lightweight properties and stretchability that results from the flexibility of the spiral aggregates. 

[0021] The invention still further aims to provide a composite yarn with hari (anti-drape stiffness), koshi 
(moderate stiffness), soft puffiness, lightweight properties, and stretchability, and woven/knitted products 
produced from said composite yarn. 

[0022] Other objectives of the invention should be understood from the description given below. 

[0023] The present invention intends to achieve the above-mentioned objectives. What is claimed in claim 1 
of the invention is a crimped yarn comprising a crimp-forming conjugate multifilament yarn wherein at least 
two polyester components with different heat-shrinkable properties are combined in parallel with each other 
or in a core-sheath configuration, said crimped yarn having characteristics that meet the following 
equations. 

"(a)" 2.5 crests/cm ^ number of crimps (CA) s£ 10 crests/cm 

"(b)" 8 crests/cm sS number of additionally developed crimps (CB) sc 30 crests/cm 



[0024] For the present invention, said conjugate multifilament yarn should preferably have characteristics 
that meet the following equations. 

"(c)" 0.0882 :S shrinkage stress (TS) (cN/dtex) s£ 0.221 

"(d)" 40% sS apparent shrinkage percentage (SC) sS 80% 

"(e)" 2% sS shrinkage percentage of fiber in boiling water (SW) sc 8% 



[0025] To produce a crimped yarn with said characteristics, a crimp-forming conjugate multifilament yarn 
wherein at least two polyester components with different heat-shrinkable properties are combined in parallel 
with each other or in a core-sheath configuration are prepared first, the resulting crimp-forming conjugate 
multifilament yarn is then subjected to relaxation-heat treatment. 

[0026] The present invention also provides woven/knitted products with dry touch and stretchability that are 
produced by knitting or weaving said crimped yarn. As preferred embodiments of the invention, said 
woven/knitted products should preferably comprise a crimp-forming conjugate multifilament yarn with a 
fineness of 30 - 350 dtex, said crimp-forming conjugate multifilament yarn accounting for 35 wt% or more of 
the entire yarn components, crimps being formed by heat treatment for shrinking up to 10 - 60% in the 
transverse direction and the machine direction, and the crimps thus formed comprising aggregates of 
twisted spiral filaments having hollow structures at their center. 



http://v3.espacenet.com/publicationDetails/description?CC=TW&NR=495568B&KC=B&... 



6/26/2009 



espfa cenet — Description 



Page 4 of 19 



[0027] What is claimed in claim 9 is woven/knitted products produced from hollow threads wherein the 
multifilament yarn that constitutes said hollow threads comprises an aggregate of twisted spiral filaments, 
with the central portion having a hollow structure. As a preferred embodiment of the invention, said 
multifilament yarn should be a conjugate multifilament yarn produced by developing the crimps in a crimp- 
forming conjugate multifilament yarn, said multifilament yarn comprising hollow threads, and said 
multifilament yarn being twisted up to a twist coefficient, alpha , in the range of 3,000 - 30,000. 

[0028] What is claimed in claim 13 is a composite yarn comprising a crimp-forming conjugate multifilament 
yarn A that consists of at least two polyester components with different heat-shrinkable properties and 
another polyester filament yarn B, said thread A and thread B being twisted together. As a preferred 
embodiment of the invention, said other polyester filament yarn B should be a false-twisted polyester 
filament yarn, and said composite yarn should be twisted in the opposite direction to the direction of torque 
of said false-twisted polyester filament yarn B. 

[0029] As another preferred embodiment of the invention, furthermore, said composite yarn should be 
twisted up to a twist coefficient, alpha , of 3,000 - 25,000, preferably 3,000 - 20,000, the central portion of 
said composite yarn having a hollow structure, said conjugate multifilament yarn A having a fineness of 30 - 
350 dtex, said other polyester filament thread having a fineness of 30 - 800 dtex, and the weight of said 
crimp-forming conjugate multifilament yarn A, and the weight of said another polyester filament yarn B 
meeting the equation 
0.2 sS A/(A+B) sS 0.8. 



[0030] As yet another preferred embodiment of the invention, furthermore, the number of additionally 
developed crimps (CB) and the shrinkage stress (TS) of said conjugate multifilament yarn A should meet 
the equations: 

8 ^ CB (crests/cm) s£ 30, and 
TS (g) 0.265 cN/dtex, 

and said composite yarn should be heat-treated to allow crimps to develop. 

[0031] In addition, the present invention provides woven/knitted products with hari (anti-drape stiffness), 
koshi (moderate stiffness), soft puffiness, lightweight properties, and stretchability. 



Brief description of the drawings 



[0032] Figs. 1-10 show microphotographs which serve as substitutes for drawings. 

Fig.1 shows photographs that illustrate the three-dimensional form of a spiral coiling conjugate multifilament 
yarn that is produced by spinning and extension and has forming ability, (a) and (b) showing a multifilament 
yarn and a single filament that constitutes the multifilament yarn, respectively. 

Fig.2 shows photographs that illustrate the structure of the self-crimped yarn of the present invention, (a) 
and (b) showing a multifilament yarn and a single filament that constitutes the multifilament yarn, 
respectively. 

Fig. 3 shows a photograph illustrating the cross-section of a weft of a fabric produced in an example of the 
present invention. 

Fig.4 shows a magnified photograph of the multifilament aggregate in Fig. 1 which has a hollow structure 
with a void at the center. 

Fig. 5 shows a lateral photograph of the twisted structure of a multifilament yarn illustrating its hollow state. 
Fig. 6 shows a magnified photograph illustrating a key portion of the photograph of Fig. 5. 
Fig. 7 shows a photograph illustrating the fiber in the lateral side of the composite yarn produced in Example 
12, which is described below to illustrate the invention. 

Fig. 8 shows a photograph illustrating the fiber in the cross-section of the composite yarn produced in 
Example 12, which is described below to illustrate the invention. 

Fig. 9 shows a photograph illustrating the fiber in the crimped composite yarn of the invention produced in 
Example 15, which is twisted in the opposite direction to the direction of torque of the false-twisted thread 
used. 

Fig. 10 shows a photograph illustrating the fiber in the crimped composite yarn of the invention produced in 
Example 16, which is twisted in the same direction as the direction of torque of the false-twisted thread 
used. 
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The best embodiments of the invention 



[0033] The present invention uses a crimp-forming conjugate multifilament yarn that comprises at least two 
polyester components with different heat-shrinkable properties combined in parallel with each other or in a 
core-sheath configuration. Said crimp-forming conjugate multifilament yarn is a multifilament yarn wherein 
crimps can be developed by making use of a difference in heat-shrinkable properties, said multifilament 
yarn being subjected to relaxation-heat treatment before being processed into a woven/knitted product, and 
crimps having been formed with a latent crimp-forming ability remaining viable, rather than a multifilament 
yarn that has a crimp structure developed by false twisting or other yarn processing techniques. Preferably, 
the state of said multifilament yarn should be heat-set. In other words, the crimp-forming conjugate filament 
yarn of polyester of the present invention has an ability to develop crimps by making use of a difference in 
heat-shrinkable properties, and as a result of boiling water treatment, crimps are developed by making use 
of this latent crimp-forming ability. 

[0034] In the present invention, said crimp-forming conjugate filament yarn is a polyester filament yarn 
wherein the main repeating unit is ethylene terephthalate, and normally, two polyester components with 
different heat-shrinkable properties are used. Said polyester components with different heat-shrinkable 
properties include polyester homopolymers with different polymerization degrees, polyester copolymerized 
with a third component other than the terephthalic acid component and/or ethylene glycol component, and 
polyester blended with other polymers. 

[0035] Specifically, said polyester components with different heat-shrinkable properties as used in the 
present invention should preferably be polyethylene terephthalate or copolyester containing 80 mol% or 
more of ethylene terephthalate units. The copolymerization units in said copolyester may be such known 
ones as isophthalic acids, isophthalic acids with a metal sulfonate group, bisphenols, neopentyl glycols, and 
1,6-cyclohexanediols. Said polyester may contain a delustering agent, ultraviolet absorbing agent, 
improving component with dyeing ability, pigment, or other modifiers. 

[0036] In the crimped yarn of the invention, the number of crimps in the length direction of the multifilament, 
CA, is 2.5-10 crests/cm, preferably 3.5 - 7.5 crests/cm, and the number of latent crimps that are developed 
by boiling water treatment, CB, is 8 - 30 crests/cm, preferably 13-27 crests/cm. 

[0037] Cenerally, a woven or knitted product has structural portions with different restraining forces as a 
result of component threads mingled with each other. Specifically, in a woven product, the restraining force 
is strong at the intersections of warp and weft while it is weak in other portions where threads run 
individually. In a knitted product, which consists of needle loops and sinker loops, the restraining force is 
strong at the intersections of loops while each loop does not have a strong restraining force. 

[0038] When such conventional fabric is produced using a shrinkable straight thread as raw material, the 
resultant product has no surface variations and no stretchability. If said straight thread is subjected to 
additional twisting and used to produce a woven/knitted product, surface variations can be developed by 
heating the product to form wrinkles due to the effect of untwisting torque, but it is still difficult to make it 
stretchable. Though actually having crimps, conventional false-twisted yarn has no ability to develop 
additional crimps over the existing ones, and thus it is difficult to impart surface variations and stretchability. 

[0039] The conventionally known technique that uses a conjugate yarn consisting of two polyester polymer 
components with different heat-shrinkable properties combined in parallel with each other or in a core- 
sheath configuration can produce a woven/knitted product with stretchability, but it is impossible to impart 
surface variations. 

[0040] Thus, the present inventors carried out earnest studies to develop a method to produce a 
woven/knitted product with both surface variations and stretchability, and found that a desired woven/knitted 
product can be produced by starting with material with half-developed crimps, which is prepared by 
providing latent crimps at floated portions where restraining forces are not exerted from the intersections of 
warp and weft in a woven product or in the loops in a knitted product, followed by allowing the latent crimps 
to develop into full ones. 

[0041] Details of raw threads with half-developed crimps, which comprise fully developed crimps and latent 
crimps, are described below. 
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[0042] As a basic feature, it is important that the number of full crimps in the raw thread, CA, is 2.5 - 10 
crests/cm while the number of latent crimps that develop into full ones in a free state under boiling water 
treatment, CB, is 8 - 30 crests/cm. This crimp developing ability allows crimps to be formed under 
restraining forces in the woven or knitted structures. As a preferred feature for this, the raw threads should 
have a shrinkage stress, TS, in the range of 0.0882 s£ TS (cN/dtex) ^ 0.221, the shrinkage percentage in 
boiling water, SW, be in the range of 2% - 8%, and the apparent shrinkage percentage, SC, i.e. the 
shrinkage percentage caused by crimp development under boiling water treatment in a free state, be in the 
range of 40% - 80%. Methods to determine the above-mentioned characteristics are described below. 



(1) Number of crimps in raw thread, CA (crests/cm) 



[0043] A multifilament yarn is cut into pieces of 70 mm or more (favorable length for measuring), and one of 
the pieces is placed on a glass plate. 

[0044] The numbers of crests and bottoms existing in a 1 cm length are counted, and the total number is 
divided by two. Measurements are made for ten pieces and the average is calculated. 



(2) Number of latent crimps, CB (crests/cm) 



[0045] A multifilament yarn is treated in boiling water for 15 min, followed by immersion in cold water for 1 
min. After being dried in air, the yarn is placed on a glass plate, and projected on a screen using a projector, 
The numbers of crests and bottoms existing in a 1 cm length are counted, and the total number is divided 
by two. Measurements are made for ten samples and the average is calculated. 



(3) Shrinkage stress, TS (g) 



[0046] A sample is heated from room temperature up to around 250 DEG C while the change in shrinkage 
stress is detected with a U gauge (strain gauge) and recorded on an X-Y recorder. The measuring 
conditions should include a sample length of 100 mm, heating rate of 2.5 DEG C/sec, and initial weight of 
0.0882 cN/dtex x 2 g. The maximum stress (g) and peak temperature ( DEG C) are determined from the 
chart. 



(4) Apparent shrinkage percentage, SC (%) 



[0047] A sizing reel with a circumference of 1 .25 m is used to prepare a hank of ten turns, and a weight of 
(0.000882 cN/dtex x 10 x 2) g is applied, followed by measuring the length (a). The hank is treated in boiling 
water for 15 min, and immersed in cold water for 1 min, air-dried, and measured under a weight of 
(0.000882 cN/dtex x 10 x 2) g to determine the length (b). The apparent shrinkage percentage is calculated 
by the equation SC (%) = (a - b)/a x 100. 



(5) Shrinkage percentage of fiber in boiling water, SW (%) 



[0048] A sample is prepared by the same procedure as for apparent shrinkage percentage measurement. A 
weight of (0.176 cN/dtex x 10 x 2) g is applied and the length (a) is measured. The sample is treated in 
boiling water for 15 min, and left to cool, and measured under a weight of (0.176cN/dtex x 10 x 2) g to 
determine the length (b). The shrinkage percentage of fiber in boiling water is calculated by the equation 
SW(%) = (a-b)/ax100. 



[0049] A raw thread with said features can be produced by combining at least two polyester polymer 
components with different heat-shrinkable properties in parallel with each other into a composite structure, 
or by putting a core component in a sheath component in an eccentric arrangement, the resulting product 
then being subjected to heat treatment under certain conditions after spinning and drawing. 
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[0050] Specifically, a multifilament yarn having a shrinkage stress that acts to develop three-dimensional 
crimps is subjected to relaxation-heat treatment to allow part of the crimps to develop under conditions 
where the shrinkage stress will not be relieved completely. 

[0051] A preferred polyester polymer comprising two components with different shrinkable properties for the 
present invention includes a polyester polymer consisting of a low-viscosity polyester component and a 
high-viscosity polyester component. Specifically, when homopolyesters are used, said low-viscosity 
polyester component should have an intrinsic viscosity in the range of 0.35 to 0.45 while said high-viscosity 
polyester component should have an intrinsic viscosity in the range of 0.65 to 0.85. If the intrinsic viscosity 
of the low-viscosity polyester component is too low, the melt viscosity will be too low, making it difficult to 
perform spinning. If the intrinsic viscosity of the low-viscosity polyester component is too high, the conjugate 
multifilament yarn will be too poor in crimp developing ability, and both the ability of accommodating half- 
developed crimps and the ability of fully developing latent crimps will decline. If the intrinsic viscosity of the 
high-viscosity polyester component is too high, the melt viscosity will be too high, making it difficult to 
perform spinning and drawing. If the intrinsic viscosity of the high-viscosity polyester component is too low, 
the crimp developing ability will decline. 

[0052] The difference in intrinsic viscosity between the low-viscosity polyester component and the high- 
viscosity polyester component should be in the range of 0.20 to 0.40. If a copolyester is used as one of the 
components, the difference between the two components can be smaller. The intrinsic viscosity used here 
is measured for an ortho-chlorophenol solution at 25 DEG C. 

[0053] The composition of said conjugate multifilament yarn comprising a low-viscosity polyester component 
and a high-viscosity polyester component should be 35 - 50 vs. 65 - 50 by weight, more preferably 40 - 50 
vs. 60 - 50. If the composition is out of these ranges, the ability of accommodating half-developed crimps 
and the ability of fully developing latent crimps will decline, and the effect of the present invention will not be 
achieved. 

[0054] The shape of the cross-section of fiber should most preferably be circular, but may be in other forms 
including triangle to octagon. 

[0055] Production methods for said crimped yarn of the present invention are described below. 

[0056] The characteristic crimped yarn of the present invention can be produced by spinning a polyester 
polymer comprising two components with different shrinkable properties from one nozzle in parallel with 
each other or in a core-sheath combination, followed by drawing, and subjecting the resulting drawn yarn to 
relaxation-heat treatment. 

[0057] In general, it has been known that three-dimensional crimps are developed in a conjugate yarn that 
is produced by spinning a polyester comprising two components with different shrinkable properties from 
one nozzle in parallel with each other or in a core-sheath combination, followed by heat treatment. In a 
conventional method, therefore, a conjugate yarn is further false-twisted to develop crimps. 

[0058] The present inventors made studies on the feasibility of a conjugate yarn production method that 
uses enhanced crimp developing ability to develop crimps in a woven/knitted product, and have shown that 
preferably, a conjugate yarn produced by spinning and drawing is subjected to heat treatment in a relaxed 
state so that part of the latent crimps are developed and heat-set. 

[0059] The number of crimps, CA, in a crimped yarn of the present invention is 2.5-10 crests/cm. This 
number of crimps, CA, is needed to allow crests or bottoms of crimps in the crimped yarn to exist at 
interstices in the structure of a woven/knitted products or at portions of loops where restraining forces are 
weak so that latent crimps can be develop easily when the woven/knitted product is subjected to relaxation- 
heat treatment again in a subsequent dyeing process. AS a result of this, crimps are developed over the 
surface of the woven/knitted products to impart surface variations in addition to dry touch and stretchability. 

[0060] The forms of crimps in the crimped yarn of the present invention are completely different from those 
of crimps that are developed in the raw threads produced by spinning and drawing. Specifically, whereas 
crimps in a conjugate multifilament yarn as spun and drawn are in a spiral, three-dimensional coil form, the 
crimping form of self-developed crimps of the present invention is close to a two-dimensional wavy form, 
though three dimensional actually. This wavy form becomes close to two-dimensional when a conjugate 
yarn of a three-dimensional spiral coil form is subjected to relaxation-heat treatment, which allow the 
polyester polymer components with different shrinkable properties to be shrunk and lightly heat-set. Crimps 
of a three-dimensional spiral coil form are low in stretching stress and developing stress. Compared to this, 
when relaxation-heat treatment is performed to develop part of the crimps which are then lightly heat-set as 
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proposed herein, crimps are set with latent ability for developing crimps of a three-dimensional spiral coil 
form at the crests and bottoms of the crimps Thus the crimps have a large stretching stress, and strain is 
easily relaxed at portions around crossover points of the woven/knitted product where restraining forces are 
weak, allowing a relatively loose state to be formed. 

[0061] Such forms of crimps as described above are illustrated in Figs.1 and 2. Fig. 1 shows a ordinary spun 
and drawn conjugate yarn of a three-dimensional spiral coil form, with (a) and (b) showing a multifilament 
yarn and a single filament that constitutes the multifilament yarn, respectively. Fig .2 shows photographs that 
illustrate the structure of the self-crimped yarn of the present invention, (a) and (b) showing a multifilament 
yarn and a single filament that constitutes the multifilament yarn, respectively. 

[0062] These photographs were taken under a scanning electron microscope supplied by Hitachi, Ltd. 

[0063] As a major feature of the self-crimped yarn of the present invention, a woven/knitted product 
produced from a self-crimped yarn having 2.5-10 crests/cm of crimps has an ability of developing 8 - 30 
crests/cm of additional crimps when being subjected to relaxation-heat treatment in the dyeing process. To 
achieve this, the raw thread used should preferably have a shrinkage stress, TS, in the range of 0.0882 s£ 
TS (cN/dtex) ^ 0.221, a shrinkage percentage of fiber in boiling water, SW, in the range of 2% s£ SW s£ 
8%, and an apparent shrinkage percentage, SC, in the range of 40% s£ SC s£ 80%, as described 
previously. 

[0064] When a woven/knitted product produced from a self-crimping yarn is subjected to a second 
relaxation-heat treatment in the dyeing process with the aim of developing crimps, such crimps will not be 
developed if the shrinkage percentage of the self-crimped yarn in boiling water is less than 2%, while if it is 
more than 8%, developed crimps could be so small that they have difficulty in serving as desired. 

[0065] The shrinkage stress of the self-crimping yarn is an important factor in the crimps developing after 
overcoming the restraining force in the structure of the woven/knitted product. The apparent shrinkage 
percentage is an important characteristic of a raw thread that serves to examine the crimp-forming ability of 
a self-crimping yarn. Thus the apparent shrinkage percentage can be used to determine whether a crimp- 
forming conjugate multifilament yarn has a fiber shrinkage stress, i.e., a shrinkage stress that works to 
develop crimps in the yarn under relaxation-heat treatment. The apparent shrinkage percentage of a self- 
crimped yarn represents the change in the length of its hank that shrinks as crimps develop under boiling 
water shrinkage treatment. Crimps may not be able to develop fully or developed crimps may be too small if 
the apparent shrinkage percentage, SC, is less than 40% or more than 80%. 

[0066] Thus, one of the important technical points in realizing the raw thread characteristics for the present 
invention is the relaxation-heat treatment for half-developed crimp formation, which is performed after 
spinning and drawing a crimp-forming conjugate multifilament yarn during the yarn production process in 
order to develop crimps while imparting the ability to develop latent crimps under a shrinkage stress. 

[0067] It has been widely accepted that relaxation-heat treatment of a highly-oriented drawn yarn acts to 
relax the orientation and reduce the shrinkage stress. The present inventors have carried out earnest 
studies and revealed that depending on the yarn production conditions and relaxation conditions, a latent 
crimp developing ability can be imparted to said conjugate yarn by subjecting it to relaxation-heat treatment 
to develop part of the crimps, followed by heat setting. 

[0068] The relaxation-heat treatment for the present invention is performed preferably with dry heat of 100 
DEG C to 1 70 DEG C, more preferably 1 1 0 DEG C to 1 60 DEG C, in order to develop part of the crimps 
and set them at a relaxation ratio of preferably 2% to 12%, more preferably 4% to 10%, while reducing the 
shrinkage stress and enhancing the latent crimp developing ability. 

[0069] If the relaxation ratio is out of the range of 2% to 12%, the number of partially developed crimps 
could be too small, or the overfeeding could be so large that the shrinking speed will be small as compared 
to the take-up speed, making it impossible to produce a desired yarn. 

[0070] If the heat treatment temperature is too low, crimps will not be fully developed and heat-set, while if 
the heat treatment temperature is too high, the crimps developed by the shrinkage of the fiber itself will be 
too small or the difference in shrinkage between the two components will become zero, resulting, 
unfavorably, in loose crimps and a decreased shrinkage stress. Useful heat treatment methods include the 
use of a contact-type heater, a non-contact-type heater (hollow heater), etc. They differ in heating effect, 
and therefore, the heater-touch time may be adjusted taking into account the heater length, required fiber 
properties, etc. 
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[0071] For the heat treatment to be performed for the invention, a heat treatment step may be incorporated 
in the continuous spinning-drawing process for the yam production, or a separate relaxation-heat treatment 
process may be provided in the production process to which a spun and drawn yarn is fed. 

[0072] In the present invention, said crimped yarn is used to provide a novel-textured woven/knitted product 
with dry touch and stretchability properties. Said crimp-forming conjugate multifilament yarn used for 
producing a woven/knitted product should preferably have a fineness of 30 - 350 dtex, more preferably 50 - 
300 dtex. 

[0073] When a woven/knitted product comprising a crimped yarn of the present invention is applied to the 
production of clothing, yarns of a small fineness of 30- 100 dtex are suitable for thin clothing such as shirts 
and blouses while yarns of a large fineness of 100 - 1,000 dtex are suitable for thick woven fabrics such as 
bottoms (pants, skirt), suits, jackets, and coats. For these uses, the fineness of said crimp-forming 
conjugate multifilament yarn should be in the range of 30 - 350 dtex. 

[0074] A woven fabric comprises a warp and a weft, with a relatively free structure which makes it possible 
to change relatively easily the length between the intersections where the structural points of the warp and 
the weft cross each other. For thin woven fabrics, however, a strong twisted yarn has been used 
conventionally as weft in order to allow an untwisting torque to develop in the dyeing process to impart 
surface effects caused by wrinkles. Thus, costly means such as additional twisting and false twisting have 
not been used. 

[0075] In the present invention, a crimp-forming conjugate multifilament yarn is used, and the arrangement 
and density balance of the warp and the weft are adjusted so that the length of the structural points is varied 
to produce crests and bottoms of crimps in the crimped yarn and to allow crimps to develop during a 
relaxation-heat treatment step in the dyeing process etc., which serves to impart three-dimensional crimping 
effects over the surface of the woven fabric. This will result in a woven fabric with improved surface 
variations, dry touch, and stretchability. For thick woven fabrics, a multifilament yarn with a large fineness 
can be used, so such features as surface variations, dry touch, and stretchability can be achieved more 
easily. 

[0076] In the case of knitted fabrics, any one, whether warp knitted or weft knitted (circular knitted), can 
serve but only if it comprises loops with a gauge suitable as compared with the thickness of the yarn, the 
loop length being dependent on the gauge of the knitting machine used. 

[0077] If the loop length is large, the product will be coarse, while if the loop length is small, the product will 
be dense. The, loop length and the crimp size have effect on the surface variations, stretchability, and dry 
touch properties of the knitted fabric. For instance, if a crimp-forming conjugate multifilament yarn has 
crimps of 2.5 - 10 crests/cm, then one crest corresponds to a length of 4 - 1 mm, and the loop length of a 
knitting machine used for knitting a fabric of 30- 100 dtex will be in the range of 4 - 1.5 mm. Thus, one loop 
of the crimped yarn can accommodate one crest, and when subjected to relaxation-heat treatment during 
the re-heat treatment step in the dyeing process etc., latent crimps will be developed easily up to a 
combined number of crimps of 8 - 30 crests/cm. The crimps developed have a three-dimensional structure, 
and a new feature is imparted to the surface of the knitted fabric. 

[0078] Furthermore, in terms of the crimp developing ability, the single filament that comprises the crimp- 
forming conjugate multifilament yarn should have a thickness (monofilament fineness) of 1.1 dtex or more, 
which serves to provide a woven/knitted product with excellent surface variations and dry touch properties. 
A monofilament fineness of 15 dtex or less is particularly preferred for developed crimps to have a desirable 
three-dimensional form that serves to impart excellent surface variations and feel. For the present invention, 
the monofilament fineness should preferably be in the range of 2 - 10 dtex. 

[0079] In a woven/knitted product produced from a crimped yarn of the invention, 35 wt% of the constituent 
yarns should be accounted for by said conjugate multifilament yarn. If said conjugate multifilament yarn 
accounts for only less than 35 wt%, the crimp developing ability will be poor, and it will be difficult to impart 
puffiness (bulkiness), anti-see-through, surface variations (such as surface effects), stretchability, and dry 
touch properties. Thus, 40 wt% or more is preferred; the effect of the invention can be achieved more 
desirably as the percentage increases, which may be 100 wt%. 

[0080] In the case of a woven product, the warp and/or the weft may be said conjugate multifilament yarn, 
or the warp and/or the weft may comprise said conjugate multifilament yarn arranged in parallel with or 
combined with another raw thread. There are no specific limitations to the characteristics of said another 
raw thread, but its shrinkage percentage in boiling water should be low in order to impart a high 
stretchability. 
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[0081] A woven/knitted product produced from a conjugate multifilament yarn of the invention can be further 
enhanced in bulkiness, anti-see-through, novel unique surface hand, dry touch properties, and stretchability 
as intended by the invention if it is further subjected to heat treatment to allow the latent crimps to develop 
into full ones. 

[0082] The heat shrinkage ratio in this, cafe should be in the range of 10% to 60%. 

[0083] The present invention further provides a woven/knitted product that, instead of comprising so-called 
hollow fiber in which the fiber itself incorporates a hollow structure, comprises a hollow structural yarn 
having both stretchability and lightweight properties achieved by the flexibility of spiral aggregates of 
filaments that incorporate a cavity-like hollow structure. Such a woven/knitted product comprises a twisted 
conjugate multifilament yarn with the central portion of the spiral multifilament aggregate consisting of a 
yarn with a cavity structure. 

[0084] Said hallow structural yarn that constitutes the woven/knitted products of the invention, wherein the 
central portion of the spiral multifilament aggregate consists of a yarn with a cavity structure, is produced in 
a process where a crimp-forming conjugate multifilament yarn with a crimp-forming ability is twisted in an 
aggregate state and then heat treated to allow spiral crimps to form in the length direction of the fiber. 

[0085] For said crimp-forming conjugate multifilament yarn with a crimp-forming ability, an important factor 
is the ratio between the two polyester polymer components to be spun together, i.e. the low-viscosity 
polyester component and the high-viscosity polyester component. The ratio of the low-viscosity polyester 
component and the high-viscosity polyester component should preferably by 35-65 : 65-35 by weight, more 
preferably 40-60 : 60-40 by weight. 

[0086] The composite form of said crimp-forming conjugate multifilament yarn may be obtained by parallel 
aligning of the two components or a core-sheath configuration, but the parallel aligning is preferred. The 
composite ratio and the composite configuration of the two components are related with the diameter of the 
spiral coils of crimps that are formed during the relaxation-heat treatment of conjugate fiber, with a larger 
coil diameter giving rise to better lightweight properties. Specifically, the coil diameter should preferably be 
200 mu m or more and 1 ,200 mu m or less, more preferably 300 mu m or more and 1 ,200 mu m or less. 

[0087] Normally, the rate of spinning to produce said crimp-forming conjugate multifilament yarn may be 
from a low range of 1 ,000 m/min or more to a high range of 2,500 m/min or more. For the next step, any 
known drawing machine may be used to draw the undrawn or half-drawn yarn produced by the spinning. It 
is preferred to set such conditions as to achieve a desired stretch level of the drawn yarn as compared to 
the stretch characteristics of the undrawn or half-drawn yarn and to increase the shrinkage stress during the 
relaxation-heat treatment of the drawn yarn up to a maximum without producing fluff. The fineness of the 
single filament that constitutes the crimp-forming conjugate multifilament yarn after drawing should 
preferably be 1.1 - 15 dtex gas stated previously. In the range smaller than 1 dtex, yarn production is 
difficult with currently available techniques, and in addition, there are limitations as to the spiral coils, while 
in the range larger than 15 dtex, a hollow structure may be produced, but with a spiral structure, clothing 
comprising it will have unfavorably poor hand though the yarn may be softer than ones of a straight 
structure. 

[0088] The shrinkage stress of said crimp-forming conjugate multifilament yarn should be as high as 
possible to enhance the development of latent crimps. The shrinkage stress should be 0.265 cN/dtex or 
more. 

[0089] For the twisting method for additional twisting of said crimp-forming conjugate multifilament yarn, 
there are no specific limitations, and any known method may be used. After the twisting, twist-setting 
treatment may be performed, but the setting temperature should be low to the extent that weaving and 
knitting can be conducted without trouble. 

[0090] To produce a hollow structure wherein a cavity structure exists in the central portion of a spiral 
aggregate of crimp-forming conjugate filaments after being subjected to additional twisting, relaxation-heat 
treatment may be performed on the yarn, but normally, it should preferably be conducted during the dyeing 
process for woven/knitted products. 

[0091] If said conjugate multifilament yarn comprises a hollow multifilament yarn consisting of single 
filaments, each incorporating a hollow structure, woven/knitted products will have further enhanced 
lightweight properties and higher resilience. 
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[0092] What requires particular attention in carrying out the invention is the relaxation treatment, and the 
relaxation conditions should be set so as to allow the relaxation to produce a spiral structure as a result of 
the untwisting force of the additionally twisted yarn and the development of latent crimps in the conjugate 
yarn. For this, crimp-forming conjugate multifilament yarn is subjected to additional twisting to form a bundle 
of filaments. Said spiral crimps resulting from the difference in the shrinkage of the two polyester polymer 
components with different heat-shrinkable properties during relaxation-heat treatment of a woven/knitted 
product are produced more easily if, for instance, individual filaments are maintained in an aggregate 
structure with the spiral crimps being kept in phase as shown in Fig. 1 . The development of spiral crimps 
comprising a multifilament aggregate serves to form a cavity in the central portion of the multifilament 
aggregate. 

[0093] The number of twists is important in that the apparent diameter of the filament yarn is increased due 
to the hollow structure, thus increasing the flexural rigidity to impart a high resilience to the woven product. 
The number of twists is also important to achieve a desired hand, and may be set depending on the desired 
performance of the woven/knitted product. If the number of the twists is too large, the stretchability will 
decrease unfavorably. To produce a hollow structural yarn comprising a cavity in the central portion of a 
spiral multifilament aggregate and to impart lightweight properties and a high resilience, the number of 
twists should be such that the twist coefficient, alpha , which is calculated by the following equation, is in the 
range of 3,000 - 30,000, more preferably 7,000 - 20,000. 
Number of twists T (T/M) = alpha .D<1/2> 

where alpha and D denote the twist coefficient and the fineness of the multifilament yarn, respectively. 

[0094] A woven product sample was prepared to show the configurational concept - of woven/knitted 
products of the present invention wherein a twisted multifilament yarn comprises a spiral multifilament 
aggregate with its central portion consisting of hollow structural yarn with a cavity structure, and the cross- 
section of the woven product after the dyeing process and the side of a yarn (multifilament aggregate) 
pulling off from the woven product were observed and photographed with a scanning electron microscope 
as shown in the Figures. 

[0095] Fig. 3 shows a photograph illustrating the cross-section of a weft of a fabric produced in an example 
for the present invention. Fig. 4 shows a magnified photograph of the multifilament aggregate in Fig. 3 which 
has a hollow structure with avoid at the center. Fig. 5 shows a lateral photograph of the twisted structure of a 
multifilament yarn illustrating its hollow state. Fig. 6 shows a magnified photograph illustrating a key portion 
of the photograph of Fig. 3. 

[0096] The size of the cavity is normally smaller than the diameter of the crimp-forming conjugate 
multifilament yarn, and should, for instance, be in the range of 20 mu m to 200 mu m. This corresponds to 
about 1/6 to 1/1 0 of the coil diameter of the raw thread as the raw tread, i.e. a crimp-forming conjugate 
multifilament yarn, is twisted. 

[0097] A crimp-forming conjugate multifilament yam of the present invention may be combined with another 
polyester filament yarn to form a composite yarn. Thus, crimp-forming conjugate multifilament yarn A which 
has a crimp-forming ability and another polyester filament yarn B are doubled and twisted to produce a 
composite yarn which is then wound on a bobbin. This twisting process is generally used in woven fabric 
production to impart a resilience and draping properties to the woven fabric. In the twisting process, each 
thread may be twisted separately, or several threads may be twisted together. The resultant composite yarn 
are then subjected to weaving/knitting and dyeing as described previously. Such a composite yarn can be 
produced using conventional processes and equipment, and therefore, there are such advantages as 
eliminating the necessity of additional processes and selecting the other raw thread from a wide variety of 
candidates. 

[0098] In said composite yarn, the single filaments that constitute crimp-forming conjugate multifilament 
yarn A should be in the form of an aggregate to enhance the ability of developing spiral crimps. 

[0099] If the single filaments have crimps produced by false twisting, or if the single filaments are dispersed, 
the crimps developed will be out of phase and will have difficulty in forming coil-like (spiral) crimps. In this 
connection, crimp-forming conjugate multifilament yarn A may be a yarn simply air-intermingled and 
bundled. 

[0100] A drawn yarn is normally used as polyester filament yarn B. There are no specific limitations as to 
the type of the drawn yarn, and any appropriate one may be selected from among those widely used. 
However, those with a smaller boiling water shrinkage percentage are more preferred. If the boiling water 
shrinkage percentage is high, polyester filament yarn B can form an inner layer inside of crimp-forming 
conjugate multifilament yarn A, which prevents polyester filament yarn B from serving effectively in the 
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composite yarn. In the case of a highly shrunk yarn whose shrinkage percentage is too high, the highly 
shrunk yarn will thrust into the innermost layer during the shrinkage process, making it difficult to impart 
stretchability to the woven fabric. Thus, the shrinkage percentage of polyester filament yarn B should be low 
in order to prevent a stretchability from being developed as crimps are formed. It should normally be set to 
10% or less, preferably +8% to -10%. Said polyester filament yarn B may be subjected first to relaxation- 
heat treatment to reduce the shrinkage percentage, or a highly oriented undrawn yarn may be heat-treated 
to decrease the shrinkage percentage. 

[0101] Said polyester filament yarn B, furthermore, should have characteristics that are directly related to 
the objectives and intended effects of the intended composite yarn. For instance, an extra fine yarn may be 
used to impart a soft hand, or fine ceramic particles, which form microvoids that act to reduce the regular 
reflection of light from the fiber surface, may be added at the alkali volume reduction step in the dyeing 
process in order to enhance the coloring properties. Furthermore, a modified cross-section yarn or a fine- 
particle-containing yarn may be used. 

[0102] Resultant effects will differ with the type of the raw thread used; the effects of the raw thread will be 
achieved effectively when combined with crimp-forming conjugate multifilament yarn A as puffiness is 
imparted as a result of crimps being developed in the dyeing process. Considering this, it is preferred to use 
two raw threads that are different in their ratios of alkali volume reduction in the dyeing process. 

[0103] For instance, if a composite yarn that consists of crimp-forming conjugate multifilament yarn A which 
has an ability to develop crimps and polyester filament yarn B whose fiber surface comprises an alkali- 
soluble component is subjected to alkali volume reduction treatment after crimps have been developed in a 
woven fabric, a cavity will be formed between the conjugate yarn which is located in a relatively inner layer 
and the alkali soluble component which is located at a relatively outer layer, and enhances the crimp 
developing ability after the relaxation-heat treatment process, leading to further increased puffiness and 
stretchability. 

[0104] The combining step for producing said composite yarn can be performed in a conventional twisting 
process that is widely adopted as preliminary processing for weaving. To twist said two lines of thread into a 
yarn, they may be wound on a pirn winder, followed by being subjected to a double twister to achieve 
twisting, or they may be continuously twisted in a doubling and twisting frame. 

[0105] The number of additional twists should be at least such that the raw threads are firmly bundled in the 
composite yarn, but should preferably be such that the twisting coefficient is 3,000 or more to allow spiral 
crimps to be formed. Its maximum depends on the overall fineness of the crimped composite yarn, but 
should preferably be such that the twist coefficient alpha as calculated by the following equation is about 
20,000 or less, more preferably 18,000 or less: 
alpha = Tx D<1/2> 

where alpha , T, and D denote the twist coefficient, number of twists (t/m), and fineness of the composite 
yarn, respectively. 

[0106] If the twist coefficient is more than 20,000, the fiber restraining force will be too strong, the number of 
crimps developed in the conjugate yarn too small, the puffiness insufficient, and the stretchability not high 
enough. 

[0107] As kinky portions sometimes tend to be formed due to the twisting torque, twist setting may be 
performed to reduce the twisting torque to the extent that the passage through the weaving process is not 
hindered significantly. Said setting should be conducted at a low temperature as long as it does not cause 
trouble. 

[0108] Important characteristics of said composite yarn include the composition ratios of crimp-forming 
conjugate multifilament yarn A and polyester filament yarn B, their fineness, and the properties of the yarn 
to be coupled with. 

[0109] In a yarn comprising conjugate multifilament yarn A and polyester filament yarn B, the fineness of 
said conjugate multifilament yarn A should preferably be in the range of 30- 150 dtex. 

[0110] The composition ratio of conjugate multifilament yarn A in said composite yarn, A/(A+B) x 100, 
should be 30% or more and 60% or less by weight, preferably 35% or more and 55% or less by weight. The 
desirable ratio depends on the other raw thread, i.e. polyester filament yarn B. For instance, a ratio of about 
30% is sufficient for a yarn with a small flexural rigidity such as an extra fine filament yarn, but the 
composition ratio of conjugate multifilament yarn A has to be increased if the number of additional twists is 
large or if a high-density woven fabric is required. On the contrary, if a raw thread with high coloring 
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performance is to be mated in order to enhance the coloring performance for black, the ratio of conjugate 
multifilament yarn A should be as low as possible, with a ratio of 40% being a typical value. 

[01 1 1] A composite yarn of the present invention should preferably have a hollow structure with a cavity 
incorporated in the yarn. Thus, lightweight properties and high resilience can be imparted by allowing spiral 
crimps to form a hollow structure with cavities. An effective way is to minimize the boiling water shrinkage 
percentage of the raw thread to be mated and to decrease the number of additional twists. 

[0112] Figs. 7 and 8 show examples of said hollow structure resulting from the development of spiral crimps 
in a composite yarn as described above. 

[01 13] Fig. 7 shows a photograph illustrating the fiber in the lateral side of the composite yarn produced in 
Example 12, which is described below to illustrate the invention. 

[0114] Fig. 8 shows a photograph illustrating the fiber in the cross-section of the composite yarn produced in 
Example 12, which is described below to illustrate the invention. In Fig. 8, however, the composite yarn is 
not cut sharply, and the cavity portion cannot be observed very clearly. 

[0115] Said polyester filament B, which is to be mated with yarn A in the invention, should preferably be a 
false-twisted crimped yarn, but may be a drawn one, POY-DTY, or a structurally finished thread produced 
by combining two types of raw thread. 

[01 16] The direction of twisting of said crimped composite yarn depends on the number of twists, type of the 
yarn to be combined, and the direction of the additional twists, but it should preferably be opposite to the 
twisting direction of the false-twisted polyester multifilament yarn which is to be combined. This is because if 
the direction of the additional twists is opposite to the direction of the torque of the false-twisted yarn, it acts 
to open the single filaments in the false-twisted yarn, or to allow it to bulge, making it easier for crimps to be 
developed in crimp-forming conjugate multifilament yarn A. 

[0117] In some cases where kinky portions are formed due to a twist torque, twist setting may be carried out 
to decrease the twist torque to the extent that it will not cause trouble in the passage through the weaving 
process. Said setting should be performed at a minimum possible temperature as long as it does not cause 
trouble. 

[0118] Other important characteristics of said crimped composite yarn include the composition ratios of 
crimp-forming conjugate multifilament yarn A and polyester filament yarn B, their fineness, and the 
properties of the yarn to be combined. 

[0119] In said composite yarn comprising crimp-forming conjugate multifilament yarn A and another 
polyester filament yarn B, said crimp-forming conjugate multifilament yarn A is 30 - 200 dtex in fineness, 
and the composition ratio of said crimp-forming conjugate multifilament yarn A, A/(A+B)x100, in said 
composite yarn is 20% or more and 80% or less by weight, preferably 30% or more and 60% or less by 
weight, as described previously. The desired ratio depends on the characteristics of the raw thread to be 
combined. A ratio of 20% may be sufficient if the other raw thread is one with a low monofilament fineness, 
such as a bulky false-twisted crimped yarn produced from an extra fine filament thread, but normally, 30% is 
a typical value. 

[0120] If in the present invention, a false-twisted yarn such as wooly thread or composite false-twisted yarn 
which is used as the other raw thread to be combined is twisted in the opposite direction to the torque of 
said false-twisted yarn used, that is, subjected to additional twisting in the opposite direction, it works to 
allow the single filaments in said false-twisted yarn to bulge, and under such conditions, the binding force of 
said conjugate yarn will decrease, making it easier for cavities to be formed as spiral crimps develop. 

[0121] A hollow structure with cavities will also be formed in the case where twisting is carried out in the 
same direction as that of the torque of the false-twisted yarn used. 

[0122] Figs. 9 and 10 show examples of said hollow structure that results from the development of spiral 
crimps in said composite yarn comprising crimp-forming conjugate multifilament yarn A and another 
polyester filament yarn B as described above. 

[0123] Fig. 9 shows a photograph illustrating the fiber in the crimped composite yarn of the invention 
produced in Example 15, which is twisted in the opposite direction to the direction of torque of the false- 
twisted thread used. 
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[0124] Fig. 10 shows a photograph illustrating the fiber in the crimped composite yarn of the invention 
produced in Example 15, which is twisted in the same direction as the direction of torque of the false-twisted 
thread used. 

[0125] Woven/knitted products comprising a composite yarn of the present invention are described below. 

[0126] A composite yarn of the present invention can serve effectively as warp and/or weft of a woven 
fabric. The weaving process may comprise conventional warp preparation, though sizing should be carried 
out if the number of twists is small. Otherwise, standard process conditions will serve favorably. There are 
no specific limitations on the type of weaving machine. 

[0127] The desirable structure and density of a woven fabric depends on the desired hand, and there no 
specific limitations. However, the number of twists should preferably be lower than typical ones in order to 
maximize the crimp developing effect in the dyeing process. Depending on the structure of the woven fabric, 
the density of the gray fabric should preferably be sufficiently high to the extent that weave distortion will not 
take place as the dyed woven fabric is worn after being sewn. 

[0128] A gray fabric, after being woven, may be processed in dyeing processes and conditions that are 
normally used for "new synthetic fibers.' For instance, standard dyeing processes and conditions include 
refining, relaxation (for instance, 60- 100 DEG C for extended state like sofcer M/C), presetting (dry heat 
170 - 200 DEG C), alkali volume reduction (N reduction ratio 0 - 35%), dyeing (jet dyeing machine 130-135 
DEG C), shrink surfer (over-feed relaxation), and finish-setting (150 - 180 DEG C). 

[0129] As for processing conditions, what is the most important is to allow the crimps of the composite yarn 
to be developed to the full. Alkali volume reduction should preferably be performed to impart moderate 
resilience to the woven fabric. Its conditions depend on the composition of the composite yarn, weave of the 
woven fabric, and density, and are determined based on tests made at varying reduction ratios after 
relaxation and presetting. For dyeing, a jet dyeing machine may be used to enhance the crumple effect and 
increase the bulkiness of the composite yarn. 

[0130] To impart puffiness and stretchability to a woven fabric by using said composite yarn, conjugate 
multifilament yarn A used should have a latent ability of developing crimps, when treated in boiling water, up 
to a CA (number of crimps) of 8 - 30 crests/cm, preferably 13-27 crests/cm. 

[0131] This crimp forming ability is what enables crimps to be developed under the restraining force of the 
structure of the woven fabric. For these crimps to be developed under the restraining force, said crimp- 
forming conjugate multifilament yarn with the ability of developing crimps should have a shrinkage stress, 
TS, of 0.265 cN/dtex or more, preferably 0.291 cN/dtex or more (N denotes Newton). If said conjugate 
multifilament yarn A is low in the number of crimps developed and shrinkage stress, the composite yarn, 
after being twisted and processed into a woven fabric, will have difficulty in shrinking to develop spiral 
crimps when subjected to relaxation-heat treatment in the dyeing process, making it difficult to impart 
required puffiness and stretchability to the woven fabric. 



Examples 



Examples 1-4, Comparative example 1 



[0132] The five drawn yarn samples with different fiber properties shown in Table 5 were prepared by the 
following procedure: an undrawn conjugate multifilament yarn (12 filaments) that consisted of a low- 
viscosity component comprising a polyethylene terephthalate with an intrinsic viscosity of 0.40 and a high- 
viscosity component comprising a polyethylene terephthalate with an intrinsic viscosity of 0.75 stuck to each 
other in parallel with a composition of 50:50 by weight is spun and drawn up to a draw ratio which differed 
among the five samples. These drawn yarn samples were used to produce self-crimped yarn samples 
under different relaxation-heat treatment conditions. The resulting crimped yarn samples were used to 
produce knitted products using a 32-gauge cylindrical knitting machine, which were dyed at 100 DEG C for 
30 min and compared in terms of surface variations (wrinkle formation), feeling, and stretchability (power). 
Results are shown in Table 1 below. 
EMI46.1 

EMI47.1 
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[0133] In Examples 1 , 3, and 4, the important characteristics for the relaxation-heat treated self-crimped 
yarn, i.e. the number of crimps and the number of developed crimps, were fully achieved, and their effects 
were confirmed in the knitted products. In Examples 2, the number of crimps in the self-crimped yarn was 
slightly smaller than required, and the fiber shrinkage percentage and shrinkage stress were also small, 
resulting in a product with poor characteristics as compared to Example 1 . 

[0134] In Comparative example 1 , the relaxation conditions for spun and drawn conjugate multifilament 
yarns were examined. The raw thread itself was high in shrinkage percentage, but low in shrinkage stress, 
and a required relaxation ratio was not achieved in the relaxation-heat treatment, making it impossible to 
produce a self-crimped yarn with a sufficient number of crimps and number of developed crimps. 



Example 5, Comparative example 2 



[0135] A regular polyester 55 dtex - 36F triangle cross-section yarn was sized and used as warp while the 
raw threads prepared in Example 4 and Comparative example were used as weft for the crepe de chine 
standards to weave a gray fabric. The gray fabric obtained was then subjected to a conventional dyeing 
process for crepe de chine fabric production. 

[0136] Observations of the resultant fabric showed that fine crimps had been developed on the surface of 
the woven fabric comprising the raw thread prepared in Example 4, with elegant uneven variations, dry 
touch properties, and stretchability found to have been imparted to the fabric. Compared to this, the woven 
fabric comprising the raw thread prepared in Comparative example 1 had a smooth flat surface with smooth 
touch, and had only a slight stretchability. 



Example 6 



[0137] A 55 dtex-12F drawn yarn was prepared by spinning and drawing an undrawn conjugate 
multifilament yarn that consisted of a low-viscosity component comprising 100% polyethylene terephthalate 
with an intrinsic viscosity of 0.40 and a high-viscosity component comprising polyethylene terephthalate with 
an intrinsic viscosity of 0.75 stuck to each other side by side with a composition of 50:50 by weight. For the 
resulting drawn yarn, a yarn processing machine equipped with a hollow dowtherm-type heater with a 
heater length of 1 m, which is generally used for producing combined filament yarn, was used to perform 
relaxation-heat treatment to produce a crimped yarn. The relaxation-heat treatment was carried out under 
such conditions as a heater temperature of 120 DEG C and a relaxation ratio of 7%. The characteristics of 
the resulting crimped yarn included a fineness of 55.0 dtex, number of craps (CA) of 5.4 crests/cm, number 
of latent crimps developed (CB) of 13.7 crest/cm, shrinkage stress of 0.194 cN/dtex (peak temperature 188 
DEG C), boiling water shrinkage percentage of 3.4%, and an apparent shrinkage percentage of 68.0%. 

[0138] Two lines of said crimped yarn were twisted together up to 1,000 t/m (Z twisting). Elsewhere, a half- 
drawn 88 dtex-24 filament yarn with an elongation of 160% prepared by spinning a polyester regular 
polymer was heat-set at 60 DEG C in a dry-heat heater was air-intermingled, using an interlacing nozzle, 
with a 1 10 dtex-18 filament polyester regular yarn with a boiling water shrinkage percentage of 12% to 
produce a 170 dtex-42 filament polyester combined filament yarn with a different shrinkage percentage, 
which was subjected to additional twisting up to 800 t/m (S twisting). These two threads were used as warp 
and weft, one next to the other, in a water jet loom to produce a mat-weave woven fabric. The combined 
filament yarn with a different shrinkage percentage had a boiling water shrinkage percentage of 8%. 

[0139] The density of the gray fabric produced was warp 117 lines/2.54 cm and weft 79 lines/2.54 cm. The 
composition ratio of the crimped yarn and the polyester combined filament yarn with a different shrinkage 
percentage in the gray fabric was 39:61 by weight. The gray fabric was subjected to a standard dyeing 
process for "new synthetic fiber" production which consisted of such steps as refining, relaxation, 
preliminary setting, alkali volume reduction, dyeing, and finish-setting carried out under standard processing 
conditions. The density of the processed fabric was warp 182 lines/2.54 cm and weft 100 lines/2.54 cm. The 
shrinkage caused by processing relative to the gray fabric was 55% in the width direction and 26% in the 
length direction. The woven fabric obtained had surface variations comprising lozenge-shape wrinkles 
caused by crimp development, as well as excellent stretch and stretch-back properties and delicate dry 
touch properties. 
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[0140] For comparison, a yarn produced by twisting a conventional commercial 110 dtex-36F wooly thread 
up to a 1,000 t/m and a raw thread for intermingling produced by twisting a 165 dtex-48F regular polyester 
multifilament thread with a boiling water shrinkage percentage of 8% up to 800 t/m were used as warp and 
weft, one next to the other, to produce a woven fabric under the same conditions as in Example 6, followed 
by dyeing. Observations of the resulting fabric showed that it had no surface variations nor stretchability, 
and it lacked high-class appearance. 



Example 7, Comparative example 3 



[0141] The same raw thread as prepared in Example 6 was subjected to a JIL-7 32-gauge 30-inch double 
circular knitting machine (Fukuhara Seiki Co., Ltd.) to knit an interlock fabric. The knitting conditions 
included a width of 180 cm, length of 64 m, weight of 8.9 kg (METSUKE 140 g/m), wale x horizontal row of 
42.3 x 55, and loop length of 197mm/100W. 

[0142] Subsequently, the resulting gray fabric was subjected to a dyeing process comprising refining, 
relaxation, preliminary setting, alkali volume reduction, dyeing, and finish-setting, which were carried out 
under typical conditions. 

[0143] The resulting finished fabric had a width of 1 15 cm, length of 46.6 m, weight of 7.4 kg (METSUKE 
160 g/m), and wale x horizontal row of 64.6 x 76.8. The resulting circular knitted fabric had shrunk by 53% 
in the wale direction and 40% in the horizontal row direction to develop three-dimensional crimps which 
impart bulkiness and anti-see-through to the fabric. Its surface had an appearance that was characteristic of 
three-dimensional crimps and unachievable with conventional raw threads, and had pleasant feeling and 
dry touch properties. As shown in Table 2, the stretchability of said fabric is higher than that of general 
knitted fabrics produced from a conventional false-twisted yarn, providing a highly new fabric. This should 
be because the number of crimps developed in the crimped yarn 5.4 crests/cm is equivalent to 1 .8mm/crest 
while the loop length is 1.97mm, indicating that one crest exists in each loop, making it easy for latent three- 
dimensional crests to be developed in the dyeing process up to 13.7 crests/cm. 

[0144] For comparison, a conventional commercial 55 dtex-24F false-twisted yarn (2-heater false twisting) 
was used to knit a fabric under the same conditions as in Example 7, which was then dyed under the same 
conditions as in Example 7. The resulting knitted fabric had an appearance of a conventional thread, and 
though good in bulkiness and anti-see-through, unlike multifilament fabrics, said fabric lacked high-class 
appearance or high stretchability. Results of its evaluation are shown in Table 2. 

<TABLE> ld=Table 2 Columns=5 



Head 


Col 1: 


Head 


Col 2: 


Head 


Col 3: 


Head 


Col 4: 


Head 


Col 5: 



k Example 7 
i: Example 8 



SubHead Col 1 to 3: Circular knitting machine 
SubHead Col 4>32 gauge: 
SubHead Col 5>32 gauge: 



SubHead Col 1 to 3: Structure 
SubHead Col 4>interlock: 
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SubHead Col 5>interlock: 



SubHead Col 1 to 3: Yarn type 
SubHead Col 4>55 dtex-12f: 
SubHead Col 5>55 dtex-12f: 

Elongation (%) Longitudinal weight 500 g 19.3 19.7 

weight 1000 g 33.3 29.5 

weight 1500 g 44.1 36.3 

Transverse weight 500 g 37.3 31.4 

weight 1000 g 63.8 57.6 

weight 1500 g 88.4 77.6 
</TABLE> 



Measuring conditions 



JIS (1018) "Test methods for knitted fabrics" 



Distance between grips: 7.6 cm 
Speed of extension: 10 cm/min 
Chart speed: 20 cm/min 
Initial weight: 3g 
Fixed loading: 1.5kg elongation 



Example 8 



[0146] The 55 dtex-12F crimped yarn produced in Example 6 was used to prepare a warp knitted fabric. In a 
28-gauge single tricot machine, said crimped yarn was used for both reeds to produce an atlas-pattern 
knitted fabric. Knitting was performed under the conditions of a width of 128.6 cm, length of 433 racks, 
weight of 8.4 kg, and wale x horizontal row of 28.0 x 90.0. The gray fabric was subjected to a dyeing 
process which consisted of such steps as gray fabric setting, refining, relaxation, preliminary setting, alkali 
volume reduction, dyeing, and finish-setting carried out under standard processing conditions. The resulting 
finished fabric had a width of 115 cm, length of 46.6 m, weight of 7.4 kg (METSUKE 160 g/m), and wale x 
horizontal row of 64.6 x 76.8. The resulting warp knitted fabric had shrunk by 24% in the wale direction and 
43% in the horizontal row direction to develop three-dimensional crimps which impart bulkiness and anti- 
see-through to the fabric. Its surface had an appearance that was characteristic of three-dimensional crimps 
and unachievable with conventional raw threads and had pleasant hand and dry touch properties. The 
stretchability of said fabric is higher than that of general woven fabrics produced from a conventional false- 
twisted yarn, providing highly new fabric. 



Example 9, Comparative example 4 
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[0147] A 1 10 dtex-24 filament conjugate multifilament yarn was prepared by spinning and drawing an 
undrawn conjugate multifilament yarn that consisted of a low-viscosity component comprising 100% 
polyethylene terephthalate with an intrinsic viscosity of 0.40 and a high-viscosity component comprising 
polyethylene terephthalate with an intrinsic viscosity of 0.75 stuck to each other in parallel with a 
composition of 50:50 by weight. 

[0148] The fiber properties of the resulting multifilament yarn were determined according to JIS L1023 
"Testing methods for chemical fiber filament yarn" and JIS L1096 "Testing methods for bulky synthetic fiber 
filament thread". Results showed that said yarn had a fineness of 1 10.6 dtex, a strength of 3.26 cN/dtex, 
boiling water shrinkage percentage of 4.0%, and a shrinkage stress of 0.357 cN/dtex. This multifilament 
yarn was subjected to additional twisting of 1500 twists/m (corresponding to a twist coefficient alpha of 
15,000) and twist-setting at 65 DEG C for 40 min using a vacuum steam setting apparatus - Subsequently, 
said multifilament yarn was used as both warp and weft to produce a twill-derivative fabric. Its density was 
94 x 76 lines/inch. The resulting gray fabric was dyed by performing relaxation-heat treatment at 1 10 DEG 
C with a jet dyeing machine, intermediate heat-setting in dry heat at 190 DEG C using a pin tenter, alkaline 
volume reduction by 20%, and dyeing at 130 DEG C. The density of the finished fabric was 123 x 92 
lines/inch. 

[0149] For comparison, a conventional commercial 110 dtex-48 filament draw false-twisted yarn was 
processed under the same conditions, including the number of additional twists, weaving conditions and 
dyeing conditions, as in Example 9 to produce a woven fabric with similar characteristics to those in said 
example. Whereas the woven fabric obtained in Example 9 had a very high resilience, good lightweight 
properties, high stretchability and dry touch properties, the woven fabric obtained in Comparative example 4 
had rigid feel that appeared to reflect excessive additional twists, and was much poorer in weight, resilience 
and lightweight properties as compared to the fabric produced in Example 9. 



Example 10, Comparative example 5 



[0150] The yarn subjected to additional twisting in Example 9 was subjected to a 28-gauge circular knitting 
machine to knit an interlock fabric. 

[0151] For comparison, a low-torque 82.5 dtex-24 filament yarn produced from low-temperature drawn 
false-twisted regular POY thread was subjected to additional twisting of 1 ,200 twists/m, twist-setting, and 
knitting with a 28-gauge circular knitting machine under the same conditions as in Example 10 to produce 
an interlock fabric. The resulting gray fabric was dyed and finished by the same procedure as in Example 10 
and Comparative example 4. Compared to Comparative example 5, the knitted fabric produced in Example 
10 had such features as high resilience, high stretchability, and good lightweight properties. 



Example 11-18, Comparative example 6-9 



[0152] A 50 dtex-12F crimped drawn yarn was prepared by spinning and drawing an undrawn conjugate 
multifilament yarn that consisted of a low-viscosity component comprising 100% polyethylene terephthalate 
with an intrinsic viscosity of 0.40 and a high-viscosity component comprising polyethylene terephthalate with 
an intrinsic viscosity of 0.75 stuck to each other side by side with a composition of 50:50 by weight. The 
characteristics of the resulting crimped conjugate multifilament yarn included a fineness of 51 .6 dtex, 
number of developed crimps of 15.2 crests/cm, shrinkage stress of 0.441 cN/dtex (peak temperature 155 
DEG C), fiber shrinkage percentage of 4.6%, and an apparent shrinkage percentage of 65.2%. 

[0153] The resulting crimped conjugate multifilament yarn was used with a conventional drawn polyester 
multifilament yarn, a non-torque composite yarn produced by heat-treating a polyester multifilament thread 
and a highly oriented undrawn thread, or a Z-twisted wooly yarn to produce composite yarns, which were 
then used to produce woven fabric samples. 

[0154] For comparison, 165 dtex-48 filament wooly yarn was used alone to produce a woven fabric (wiping 
cloth) by the same procedure as above. 

[0155] All woven fabric samples had a 2/2 twill pattern. The density of the gray fabric was determined by 
incorporating the denier-converted cover factor. Dyeing was carried out under standard conditions for 
relaxation, preliminary setting, alkali volume reduction, dyeing, and finish-setting. Results are shown in 
Tables 3 and 4. 
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Industrial applicability 



[0156] The present invention provides woven/knitted products with novel texture which have surface 
variations due to wrinkles produced over the surface of said woven/knitted products as well as dry touch 
properties and stretchability, said woven/knitted products being produced by carrying out a procedure 
wherein a polyester multifilament yarn comprising spun and drawn polyester polymer components with 
different heat-shrinkable properties combined in parallel with each other or in a core-sheath configuration to 
provide a self-crimped yarn, followed by producing a woven/knitted product from said self-crimped yarn, and 
subjecting said product to relaxation treatment again in the dyeing process. 

[0157] A woven/knitted product of the present invention is produced from a hollow yarn comprising a 
multifilament yarn with a cavity structure in its central portion, and as compared to conventional 
woven/knitted products produced by subjecting a conventional polyester multifilament yarn to additional 
twisting and weaving/knitting, said woven/knitted products have better features including better lightweight 
properties, higher stretchability and higher resilience, which are most effectively displayed in such light 
clothing as shirts and blouses. 

[0158] Furthermore, the invention provides a crimped composite yarn comprising conjugate filament yarn A 
which is produced from polyester polymer components with different heat-shrinkable properties combined 
side by side or in a core-sheath configuration, and another polyester multifilament yarn B, wherein self- 
developed crimps are formed by crimp developing treatment in conjugate filament yarn A, which is located 
in a relatively inner position in said composite yarn, while said another polyester multifilament yarn B, after 
being combined together, is located in a relatively outer position in said composite yarn, allowing said 
crimped composite yarn and woven/knitted fabrics produced from said crimped composite yarn to 
incorporate a hollow structure and have hari (anti-drape stiffness), koshi (moderate stiffness), soft puffiness, 
and stretchability. Such woven/knitted fabrics ensures pleasant wearing when used as material for light 
clothing such as shirts and blouses as well as thick clothing such as suits, jackets, bottoms and coats, and 
are expected to have many new uses. 
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Coil stretch filament, composited yarn its fabric, and manufacture 
method thereof 

The EPO does not accept any responsibility for the accuracy of data and information originating from other 
authorities than the EPO; in particular, the EPO does not guarantee that they are complete, up-to-date or fit 
for specific purposes. 

Claims of corresponding document: EP 0908544 (A1) 

1. A crimped yarn comprising a conjugate multifilament yarn wherein at least two polyester components with 
different heat-shrinkable properties are combined in parallel with each other or in a core-sheath 
configuration, said crimped yarns having characteristics that meet the following equations: 

"(a)" 2.5 crests/cm ^ number of crimps (CA) 10 crests/cm, and 

"(b)" 8 crests/cm ^ number of additionally developed crimps (CB) s£ 30 crests/cm. 



2. A crimped yarn as specified in Claim 1 wherein said crimped yarn have characteristics that meet the 
following equations (c) - (e): 

"(c)" 0.0882 sS shrinkage stress (TS) (cN/dtex) sS 0.221, 

"(d)" 40% ^ apparent shrinkage percentage (SC) s£ 80%, and 

"(e)" 2% ^ shrinkage percentage of fiber in boiling water (SW) sc 8%. 



3. Method of producing a crimped yarn as specified in Claim 1 or 2 wherein a conjugate multifilament yarn 
comprising at least two polyester components with different heat-shrinkable properties combined in parallel 
with each other or in a core-sheath configuration is produced, followed by relaxation-heat treatment of said 
crimp-forming conjugate multifilament yarn. 

4. A woven/knitted product which comprises a crimped yarn as specified in Claim 1 or 2. 

5. A woven/knitted product as specified in Claim 4 which comprises a conjugate multifilament yarn with a 
fineness of 30 - 350 dtex. 

6. A woven/knitted product as specified in Claim 4 or 5 wherein said conjugate multifilament yarn accounts 
for 35 wt% or more of the total yarn weight. 

7. A woven/knitted product as specified in any of Claims 4 through 6 wherein crimps are developed by 
carrying out heat treatment to achieve shrinkage by 10% to 60% in the width and length directions. 

8. A woven/knitted product as specified in Claims 7 wherein said crimped yarn comprises a twisted spiral 
multifilament aggregate having cavity structures in its central portion. 

9. A woven/knitted product comprising a yarn with a hollow structure wherein a conjugate multifilament yarn 
comprises a twisted spiral multifilament aggregate, with its central portion comprising a cavity structure. 

10. A woven/knitted product comprising a yarn with a hollow structure as specified in Claim 9 wherein said 
multifilament yarn is a conjugate multifilament yarn with developed crimps. 

11. A woven/knitted product comprising a yarn with a hollow structure as specified in Claim 9 or 10 wherein 
said multifilament yarn comprises a hollow yarn. 

12. A woven/knitted product comprising a yarn with a hollow structure as specified in any of Claims 9 
through 1 1 wherein said multifilament yarn is twisted up to a twist coefficient alpha in the range of 3,000 to 
30,000. 

13. A composite yarn that is produced by twisting crimp-forming conjugate multifilament yarn A which 
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consists of at least two polyester polymer components with different shrinkage properties and another 
polyester filament yarn B. 

14. A composite yarn as specified in Claim 13 wherein said another polyester filament yarn B is a false- 
twisted polyester filament yarn. 

15. A composite yarn as specified in Claim 14 wherein said composite yarn is twisted in the opposite 
direction to that of the torque in said false-twisted polyester filament yarn B. 

16. A composite yarn as specified in any of Claims 13 through 15 wherein said composite yarn is twisted up 
to a twist coefficient a in the range of 3,000 to 30,000, said coefficient alpha being defined as: 

alpha = Tx D<1/2> 

where T and D represent the number of twists (twists/m) and the fineness of the composite yarn (dtex), 
respectively. 

17. A composite yarn as specified in any of Claims 13 through 16 wherein said twist coefficient alpha is in 
the range of 3,000 to 20,000. 

18. A composite yarn as specified in any of Claims 13 through 17 which comprises a cavity structure in its 
central portion. 

19. A composite yarn as specified in any of Claims 13 through 18 wherein said conjugate multifilament yarn 
A has a fineness of 30 - 350 dtex while said other polyester filament yarn B has a fineness of 30 - 800 dtex. 

20. A composite yarn as specified in any of Claims 13 through 19 wherein the weight ratio of said conjugate 
multifilament yarn A relative to the sum of conjugate multifilament yarn A and said other polyester filament 
yarn B meets the following equation: 

0.2 sS A/(A+B) sS 0.8. 



21. A composite yarn as specified in any of Claims 13 through 19 wherein the number of developed crimps 
(CB) and the shrinkage stress (TS) of said conjugate multifilament yarn A meet the following equations: 

8 ^ CB (crests/cm) sS 30, and 

TS (g) =s 0.265 cN/dtex. 



22. A composite yarn that is produced by subjecting a composite yarn as specified in any of Claims 13 to 21 
to heat treatment to develop crimps. 

23. A woven/knitted product comprising a composite yarn as specified in any of Claims 13 to 22. 
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